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The genesis of the alternative fuels industry at the end of
the  1970's was based on the expectation of ever-increasing crude
o0il prices throughout the rest of the century. Fortunately, or
unfortunately, depending on one's perspective, this has not come
to pass. Recent worldwide crude oil prices have dipped to record
lows in recent months and the OPEC countries have not
demonstrated the ability to cope with the challenges of
controlling crude oil production to counter the increases of
supply from geographically diverse regions of the world.

Further shadowing the energy market is the potential for Iraq to
reenter the world market with their crude production and the
potential for the former states of the Soviet Union to upgrade
and increase the export of crude oil into the world markets to
raise much needed foreign currency.

These factors, combined with the significant reduction in
federal support for the development of synthetic fuels in the
early 1980's, have forced many companies to rethink their
original strategy to enter the alternative energy business.

At Texaco, the development of alternative energy sources has
been largely focused on gasification technologies that would
convert a carbon source like coal and organic waste streams to
produce syngas, a combination of primarily carbon monoxide (CO)
and hydrogen. These products can be converted to steam and
electricity through combined cycle turbines, or converted to
methanol or synthetic gasoline as a potential transportation fuel
or feedstock for chemical manufacturing. In addition, the
application of gasification technologies can be used to provide
hydrogen that will be necessary for refiners to produce
reformulated gasolines in the future.

While this technology has been repeatedly demonstrated to be
technically successful, the economics of the energy market have
forced a refocusing of the marketing strateqgy. The proliferation
of environmental requirements on stationary sources of air
pollution under the Clean Air Act Amendments of 1990, together
with restrictions placed on waste disposal by the federal
Resource Conservation and Recovery Act Amendments passed in 1984,
has created new opportunities for gasification technology. This
technology is ideally suited to produce energy from coal or waste
materials that significantly reduce the environmental impacts of
coal or waste combustion for power generation.

To quantify the environmental and economic benefits of

gasification technology over alternatives, it is necessary to
identify the environmental media that are of concern. Air
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pollution emissions of particulate matter, oxides of nitrogen
(NOX), and sulfur dioxide (S02) are the principal air pollution
concerns from coal combustion. Carbon dioxide (C02) emissions, a
greenhouse gas, are not considered an air pollutant; however,
they are a concern, given the current commitments by the federal
government to reduce the U.S. €O2 emissions over the next decade.
Finally, the generation and disposal of solid waste materials
including ash, scrubber sludge, petroleum coke, plastics,
municipal wastewater sludge, and industrial waste is an important
environmental concern throughout much of the industrialized
world.

As will be presented in more detail later in this paper,
gasification technologies can present a number of environmental
advantages over other methods of coal combustion for power
generation or the manufacture of synthetic fuels. Not only are
the generation of solid wastes reduced using gasification
technology, but the application of gasification technologies can
also convert waste materials, including hazardous wastes, to
syngas and other desirable forms of energy. Quantifying the
value of these advantages is critical to determining the economic
attractiveness of any particular gasification technology and its
ability to compete.

In comparing a gasification technology with alternatives, it
is necessary to establish a set of standard operating assumptions
as a common basis. These assumptions are shown in Table 1. Note
that these assumptions are based on the configuration of a 250
megawatt power plant and indicate the appropriate coal capacities
for the three types of competing technologies -- Texaco advanced
gasification with combined cycle electricity generation (TAGCC):
pulverized coal with scrubbers (PCWS); and pressurized fluidized
bed combustion (PFBC).

. Based on the above operating conditions, an estimate of the
annual emissions of air pollutants and production of solid waste
is shown in Table 2. The information provided is based on
emission factors shown in parentheses on the table for each
technology. The factors for the PCWS and PFBC technologies are
derived from an Electric Power Research Institute Technical
Assessment Guideline published in 1991. Emissions factors for
the TAGCC technology are derived from work done by Texaco. Using
TAGCC technology in lieu of the alternatives provides significant
reductions in SOx, NOx, particulate matter, €02, and solid waste
production.

The valuation of these emission reductions is a function of
the environmental standards adopted for air pollution limits and
waste disposal transportation costs and treatment requirements.
These costs can be expected to vary significantly from one
location to another.
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To provide further insight into this issue of valuation, an
Externality Valuation comparison of TAGCC with PFBC and PCWS
technologies is shown on Tables 3 and Table 4, respectively. The
emigsions reduced represent the total emissions atream
differential over the twenty~year life of a project. The values
per ton are based on an estimate from a study of externality
costs conducted by Pace University in 1992 that estimated the
cost per ton of emissions reduced for various air pollutants,
including €02. Solid waste disposal costs assume a twenty-
dollar-per-ton transportation charge for disposal. In these
tables, the cost numbers are unadjusted for inflation and
calculated on a straight-line basis. The emissions and waste
reductions achieved from these technologies is substantial. 2as
illustrated in the lower right-hand corner of Tables 3 and 4, the
net reduction in cost for TAGCC technology over either of the
competing technologies is also substantial. The ability of these
savings to offset the additional capital cost requirement for
building an AGCC facility is discussed in more detail below.

The capital cost of conventional PFBC and PCWS technologies
is approximately $1000 per kilowatt of electrical generating
capacity. TAGCC technology has a capital cost of approximately
$1200 to $1400 per kilowatt of capacity. This differential
amounts to between 50 and 100 million dollars of increased
capital coat for constructing a new facility with 250 megawatts .
of capacity.

To offset these capital cost differentials, it is critical
that state and federal regulatory agencies recognize the value of
the environmental benefits of gasification technologies over
alternative combustion technologies. These costs include the
responsibility from cradle to grave for the safe disposal of
hazardous components in solid waste, the elimination of air
pollution emissions of heavy metal compounds, and a reduction in
emissions of oxides of nitrogen and particulate material. This
recognition, when translated into government policies that
provide incentives for utilities and others to recognize and
reduce the real operating costs for waste disposal and air
pollution emissions, will continue to make TAGCC technology even
more competitive with conventional technologies.

The general public and government agencies will continue to
demand actions by industry to produce a cleaner envircnment. A
prudent operator should anticipate these requirements and select
a technology that not only reduces the amount of waste generated,
but can actually consume hazardous wastes as well.

If a power generating facility is located in an air
pollution non~attainment area that requires emissions reductions,
a market-based emissions trading system is one mechanism that
will provide additional incentive to pursue TAGCC technology over
other alternatives.
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Tables 5 and 6 compare the potential value of emissions
reduction credits over the life of a project for an TAGCC
facility versus PFBC and PCWS facilities, respectively. The
current cost of solid waste disposal is relatively easy to
quantify compared to air pollution emissions reductions credits.
For the purpose of this illustration, it was assumed that the
slag generated from gasification would incur no disposal cost
since this material has value as a saleable commodity. For these
cases no disposal costs were included for the PFBC and PCWS
combustion technologies beyond a $20 per ton transportation
charge. In addition, no credit was given to TAGCC technology for
the recovery of saleable elemental sulfur.

The value of environmental credits, as developed by Pace
University, represents reascnable approximations of per-ton
control cost for the various pollutants in the United States.

It should also be noted that while the United States Government
has a stated policy of reducing greenhouse gas emissions,
including €02 to 1990 levels, the substantial reductions achieved
by the TAGCC technology due to its higher overall efficiency were
not credited in these cases.

Given the uncertainties in valuing emissions reduction
credits, it is difficult to forecast the expected value of these
credits at some future date. However, it is not hard to
speculate that many regions of the United States will have
difficulty demonstrating attainment of the ozone and particulate
air quality standards, while continuing to pursue economic
growth. These two competing concerns will increase the demand,
and, therefore, the value of technolocgies that can produce
emissions reduction credits in the future since the supply of
potential credits is limited by the current sources in a region.
The requirements for emissions offsets for new and rebuilt
sources in most of the U.S. metropolitan areas will also
stimulate demand for emissions reduction credits. The same case
can be made for expected increases in waste disposal costs as
landfill capacity declines over the next decade and increasingly
stringent environmental regulations govern disposal of all types
of wastes.

Tables 5 and 6 also show the value of this twenty-year
stream of credits on a before-tax, discounted cash flow basis,
assuming a 10% cost of capital and a 4% inflation rate. Using
conservative estimates of emissions credit values, the net
present value of these credits would range from 136.8 million
dollars to 140.3 million dollars for TAGCC versus PFBC and PCWS
technologies, respectively.

Recently, the EPA adopted regulations for reducing
emissions of NOx, a component of ozone formation in the major
urban areas, with estimated cost per ton of emissions reduced in
excess of $7,000. These controls are for both motor vehicle
emissions and reformulated gasolines that will be required by
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early in the next century. These cost-benefit ratios have been
determined to be necessary by federal and state requlatory
authorities in many regions of the United States. If the
Value/Ton Environmental Credits column in Tables 5 and 6 is
adjusted to use $7,000 for NOx reduction and the net present
values are recalculated, then the advantage of Texaco's Advanced
Gasification Technology increases substantially to range from
209 to 318 million dollars on a before~tax basis as is shown in
Table 7.

Texaco's Advanced Gasification Combined Cycle technology can
also be used by petroleum refiners in producing federally
mandated reformulated gasolines. Because of the limits on
gasoline, sulfur levels, and distillation ranges, production of
these gasolines will require the expansion of hydrogen-consuming
processes like catalytic hydrotreating and hydrocracking.
Concurrently, limits on gasoline benzene content will move
refiners towards lowering catalytic reformer severities, which
will reduce hydrogen production. TAGCC technology can be used to
convert low-value petroleum coke, gaseous fuels, and refinery
organic wastes to produce electricity, steam, and hydrogen for
refinery utilization. This will reduce refiner utility costs,
allow for optimization of coker operations through crude oil
selection and coker liquids yield, and provide a means of cost
effectively disposing of organic wastes produced at the refinery.
These multiple benefits are expected to make TAGCC an important
technology in the evolution of the refining industry over the
next decade. :

Conclusion:

Inherently low emissions technologies like Texaco's advanced
gasification process that produce significantly lower levels of
pollution will have an increasing competitive advantage in the
future. An important factor in expanding the commercialization
of innovative technologies like Texaco's AGCC is their ability to
capture the true value of environmental credits. This ability
is, in large part, dependent on the level of support given by
state and federal requlatory agencies and policymakers in
promoting markets for environmental credits. In many cases,
these are the same government agencies that are promoting
alternative fuels as clean fuels for transportation purposes.

Texaco's AGCC has the potential to be more cost competitive
than current technologies used for electricity generation when
environmental benefits are considered. The value of these
credits should increase in the future as more areas struggle to
balance the demands for environmental compliance with the need
for economic growth. It is critical that the private sector
work with state and federal regulators to recognize the value of
environmental credits by establishing market-based mechanisms
that will provide incentives for innovative technologies to
emerge.

1057




990'20CS w0l cii'gses Mol
000'62i$  wodmml  00'0Z$ 000°08Y'9 AST PRIOS 000'191§  podeumyy 00'02$ 000'090°8 2150M PIOS
125'c8 z6. 892d 00’z WY sommrod vio'es 8. 00ud 0008t'2$ 919’} somnRed
008168 6. 9984 o0'ris S96'800'0 {200} eppox vogeD oeo'zie 28, 9%ud 0018 206'10'0 (200) opproyg UogRD
[y z6.05d 00°0Ve'1$ 150'68 {xON) sopixO usbouN 9gc'eES 28, 098d 00°0¥0'1$ 11073 {XON) sepD veBanm
oLL'elS 26,0394 000%E$ 2509 (x0s) sepixo) MMg 188°01$ 25, 038d 00°05t$ 140'c9 {xOS) sopproNg YNG

{000} eamog uol g suoEsuLe) (000} oanog uo} sad cuosaue

oL o] onpA peonpoy) Bl forseg oA poanpey

SHAGENHYOS/M Od "8A D091 084d "8A 90DV
NOLLVNTVA 110349 TVLNIWNOUIANI NOLLVITTVA 11349 TVLNIWNOUHIANA
¥ e|qeL celqeg

suowsag o u_._._.“_ﬁ joanug ._s__n_. nﬂn . 95Z'0EY'0) 00¥' 8681 000'910°¥ L 1A / peuneod &N 1 G
000282’} 000'294' 000°29¢'} IA - 200y VB AGO0MN
20075y 0002 005'sE} OIBM PHHOS vosz o052 0052 - QEEOoR RO
11 (o0} a1 {o10) 1 (vN) segnILed 900" 9002 000'2 oy AEGEISAY BN
os2'zve’s vzz) 0052821 L(012) 2000’ .(502) {200) epoyg uoqmD *00e *00p P, [ —
050's .(0Z) 2ot'e (ov'0) - 8b¥ J(80°) {xON} eoppQ ueBomN oz oz o P ——
ere' (o) ec’e lovo) 159 .{eo) {x0s) seppox] TS suce 00’8 000’9 [ ———
porprtd s iy oot'0s oor'ol oot a1/mg- AHH P90
1) panymeserd (1) pomueandy (2) proumapy () 56 %58 AL NING %
VIVO 1631 0OVXAL 6ISVE 2 7% 4 198°2 [/ 1 Aeq /o wo) - Aggede)y

VIVO 30D ININEEISEY HOIL 1601 1 SIEVE ) porpad il prondhancd

ponmesoxy penmang PORRADY
1894 12d SUOL - SNOISSINI TVNNNV SNOLLJWNSSY DNILYHIdO

Zojqey

i o|qel

1058



wejoq vorii 8 LE
#ABpwyoe | SMO "SA JODVL - AMTTVA INIS3Hd L3N

sMmYjeg Ui 802
ABopue | DEd 'SA DOOVL - ITIVA IN2SIHd LIN

sjseq xe | ejojeg
9 - e7ey UoBpu)
9601 - FeudeD jo 1500
1UBISUOD PlBY SBNMEA JOLO |
U0}/ 000L$ O} peseeIOu} Lofonpel XON Jo eneA  INNSSY

ISVO XON HOd NOLLYIMTVA HOIH

114340 NOLLNTT0d 40 AdN
LejqeL

corg UORSRS] Wy AeD P B w1 (10 a00f) AdN TYIOL 7] UREER W 10 500 w01 (18] &oEg) AdN V101 |
rezis [} o00'ceY's SI19YM ONOS 21918 oz 000'080'8 B8315VM ONOS
gee 0Ty oY) S31viNdluvd [}~ ] [ x4 ] [} 2 SAUVINOUHY]
ous (1] 000'096'9 200 3AXOI0 NOBUVD ood oo £08'510°0 200 3AN00I0 NOBUYD
(1] o'ty ooL'es YON NIDOHIN recs or's 110%8 N NIDOHLN
vely oSty 009'95 OB undns asls > 1879 08 une

{nsomyy) supasy {tuo)) poseg (Quonypy) spar)y (sua)) pasvg
n..ﬂ..ﬂ. ° prpy ey INTVA 103U NOLLNTIOd 909V .n.._bhao Ry n._.ﬂm MTIVA LKBHO NOLLTTIOL 0BV
UOEIN 008 - 05 (1Uetd MI 052) ewuisasy) REBwWeHU| uorlyy 001$ - 05$ (umd MM 052)
00Y'1$ - 002'1$ 1800 ppdes 509V 00Y'1$-002'1$ 00 RIR) J0OV
000'1$ 180D ERde) 084d 000°1$ 1500 FERdw) Ofld
Ao 194 aegoq TEmom 18d wmpog

SNOILIWNSSY 150D WLdVD SNOULJNNSSY 1800 WIKIVO

SHIAAANYIS/M TVOD A3ZIUNSSIH "SA DIOV

9 eiqeL

56dd - a3g aind @3ZILNSS3Yd "SA 009DV

g ejqet

1059



